
Comparison of spirometric
thresholds in diagnosing
smoking-related airflow
obstruction: authors’ response

We thank Dr Miller for his comments1 on
our recent article.2 While we agree that
age is an important factor in this long-
standing controversy, we would like to
debate some of the points he makes. First,
contrary to his assertions, strong relation-
ships have been shown between CT mea-
sures of emphysema and pathological
findings.3 While there has, in the past,
been discussion regarding the ‘best’
Hounsfield Unit (HU) threshold to define
CTemphysema, our use of −950 HU, cor-
relating with more severe disease, has
been used widely to demonstrate the
power of CT-based density metrics in
identifying COPD phenotypes, monitor-
ing longitudinal changes and reducing the
population size needed to power pharma-
ceutical studies.4 5 Second, while we agree
with Dr Miller that age may impact the
CT-based emphysema score, the effect
size is considerably smaller than sug-
gested. Recent data from COPDGene
examining normal subjects with a similar
age range as our study, with identical
scanner protocols, was unable to detect a
significant age effect.6 Analyses of data
from the Multi-Ethnic Study of
Atherosclerosis Lung study, which
included a much larger and older popula-
tion, (n=854) showed a small age effect
(0.2% for every 10 years) on
CT-emphysema.7 In another large multi-
centre study, Coxson et al8 noted that the
progression of CT-emphysema with
advancing age is low. While we agree that
future studies should consider age,
gender, race and more, we do not believe
that the magnitude of the age effect has
an influence on our findings.2 Third, Dr
Miller suggests that our comparisons are
not valid, as the discordant Fixed-only
group had less emphysema and gas trap-
ping than those positive by both criteria.
We believe this relationship is to be
expected because those positive by both
criteria almost certainly have disease.
Most of the argument on which threshold
to use is relevant for patients with milder
disease in whom spirometric values fall
within a narrow margin on either side of
defined thresholds, and hence compari-
sons with ‘normal’ controls are more illus-
trative of differences. Contrary to Dr
Miller’s comments, we did, in fact, adjust
for age differences between the Fixed-
only and ‘normal’ patients in multivariate

comparisons. Fourth, while we agree that
the lower limit of normal (LLN) is a
widely used statistical concept, we dis-
agree that there is worldwide acceptance
by all scientific disciplines. For example,
hypertension and diabetes mellitus are
diagnosed on the basis of a fixed thresh-
old above which there is a disproportion-
ate increase in morbidity.
Finally, in addition to quantitative CT, we

also examined respiratory morbidity indices
and found that the discordant Fixed-only
group had worse respiratory quality of life
and greater frequency of exacerbations than
smoking controls. We stand by our state-
ments that comparisons of long-term out-
comes using LLN and Fixed thresholds have
shown conflicting results, that LLN has been
validated against only the Fixed threshold
and that our study is the first head-to-head
comparison of LLN with the Fixed thresh-
old using an alternative measure of disease
as a gold standard.
We thank Quanjer et al for their com-

ments9 on our recent article.2 While we
agree that CTemphysema and air trapping
are not specific for smoking-associated
COPD alone, the influence of age on
CT-based lung density at total lung cap-
acity is overstated.6 7 8 10 We agree that
our paper has focused on smoking-
associated emphysema. However, age is
also a major risk factor for COPD and
emphysema, and it can be argued that its
effect should not be discounted by adjust-
ments for its impact.11 We agree with
Quanjer et al that multiple comparisons
can introduce type I errors. However,
though we did not make a priori adjust-
ments for multiple comparisons, the data
presented in the tables are univariate com-
parisons, the p value for most variables
that are significantly different between
groups is <0.001 and all results point in
the same direction, that of the Fixed dis-
cordant group having more morbidity,
suggesting that it is unlikely these are all
type I errors.2 We disagree with the asser-
tion that the study grossly misrepresents
the COPD population. While we agree
that there is growing evidence that non-
smokers are at risk of emphysema and
COPD with risk factors starting in early
childhood,12 smoking (coupled with
genetic susceptibility) continues to be con-
sidered the single most important risk
factor for COPD. We have acknowledged
that our comparisons are specifically
applicable to this subset of patients with
COPD. In fact, the title of our article
states that our findings are regarding
‘smoking-related airflow obstruction’. We
did acknowledge that the use of home
oxygen was rather high in the Fixed

discordant group and this could be due to
comorbidities, high altitude and exertional
oxygen desaturation. However, being
Fixed discordant appears to identify those
at high risk for home oxygen requirement.
While we agree with Quanjer et al that the
previous literature has been conflicting
when comparisons were made between
the two thresholds for mortality, neither
of the studies cited by Quanjer et al are
direct comparisons between the Fixed and
LLN thresholds. Also, to overcome the
problem of one threshold being used as
the gold standard, as was done in previous
studies, as well as to overcome the limita-
tion of using only mortality as the
outcome, we used respiratory morbidity
indices as well as CT presence of disease
as gold standard. Data on exacerbations
are comparable with other studies that use
patient-reported data, and was collected
using a rigorous combination of phone
calls by research coordinators every 3–6
months using a validated questionnaire
and an automated telephony system.13

Hence, we believe these data are reason-
ably robust. While we agree that more
research is clearly needed to address this
basic question on accurate diagnosis of
COPD, we stand by the findings of our
study that the Fixed discordant group
does represent a subset of patients with
clinically significant airflow obstruction
and respiratory morbidity. We hope that
our study, which provides a link between
indirect metrics of lung function to a more
direct metric of parenchymal pathology,
provides a basis for added insights into
what clearly is a continuing controversy.
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